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TERRESTRIAL VERTEBRATES OF THIE
MONO LAKE ISLANDS, CALIFORNIA

Michacl L. Morrison”, William M. Block?, Joseph R. Jehl, jr.g, and Linnea S. Hall'*

ABsTIACT. Ve compared vertebrate populations between the two major islands (Paoha and Negit) in Mono Lake,
California, and the adjacent mainland to further elucidate the meclanisus onderlving island colonization. Deer mice
Peromyscus maniculatus) and montane voles (Microtus montanus) were captured on Paolia, bt only deer mice were
captured on Negit. In contrast, eight species of rodents were captured on the mainkand. Overall rodent abundance on Paoha
and the mainfand was similar. but on Negit it was about three times greater than on Paoha or the mainkimd. Adult deer mice
from Paoha were significanth (P <2030 smaller in most external hody characteristies than mainland mice. Covotes (Canis
{atrans) and one or two species of lagomorphs were observed on the islands and the mainknd. No ‘unplnlmms or reptiles
were fonnd on the islands: both ocenrred inlow nmumbers on the mainfand. Ralting and hunen transport ave probable means
of colonization for mice and voles. The ocenrence of covotes on the iskinds may have maodilied historie predator-prey
relationships. and thus the popalation of rodents and lagomorphs.

Koy words: Mono Lake. islands. colonization. Peromysens manicenlatus, Microtus montanns, land bridge.

[sland animal popnlations have attracted MONO BASIN AND ISLANDS
much scientific interest becanse th('_\' serve as
natnral (‘xl)(‘rim(’nts for the stll(l)' ol coloniza-
tion, disl)(‘rs;ll, oxtinction. c()mpctition, and
other biological processes (MacArthur and
Wilson 1967). Becanse istands are small and
isolated, populations inhabiting themn are more
vulnerable to stochastic events than their main-
land connterparts.

Mono Basin is the hydrologic drainage basin
for Mono Lake. The hasin is surronnded by the
Sierra Nevada to the west and the Great Basin
ranges to the north, east, and sonth. Mono Lake,
estimated at 500,000 vears of age. is one of the
oldest lakes in North America. Becanse no
water naturally flows ont of the basin, and
becanse ol long-term evaporation conpled with
water diversion., the lake’s s;l]init_\' is about 2.5
times that of the ocean. In October 1956 the
surface area of the lake was about 177 km?
(Mono  Basin - Ecosvstem Study Committee
[987).

There are two nm]m islands in the lake:
Paolia Island at abont 7.7 km? and Negit Island
at ()nl) about 1.3 kin® (IF g, 1) pd()]ld formed
from volcanic activitv and an nplift of Take sedi-
ment some time between 1723 and 1850 A.D.
Negit formed as a resnlt of aseries of eruptions

Most previous studies of island zoogeogra-
phy have emphasized pattemns of island ocen-
pancy, morphology, and geneties of restricted
subscts of the iskinds™ fama (reviewed by
Peltonen and Hanski 1991). Our goals were to
compare island and mainland vertebrates of
Mono Lake and the snrroimding Mono Basin,
California, in light of natural and human-inllu-
enced processes. This arca was of interest
because no - thorongh surveys had heen con-
ducted on the islands of this Jarge saline lake,

and hecanse of possible changes in local ecology
associated with falling Jake Tevels from water
diversion for human consimption.
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Fig. 1. Mono Lake and the two majoriskmds. Paohaand Negit: smallislets are not shown. The boves indicate the general
location of the 1991 study plots; stipphing indicates the marsh on Paoha. Redrawn from varions US Forest Service maps.

Beginning in 1941 the niajor strewns enter-
ing Mono Lake were diverted and their water
was transported to Los Angeles. California. This
diversion lowered the like level abont 15 m by
1981, to the modem historic low. and also
decreased the lake volume by about 50% (Mono
Basin© Ecosystern Study - Conmmittee 1957,
Botkin et al. 198S). Although diversions have
been halted, a continning dl()ll('ht (through at
least 1992) that beganin 1()’56 las prev ented any
significant rise in the ke level.

Paoha and Negit islands are located along an
axis nnming perpendicular from the northern
shore of Mono Lake, with Pacha the farthest
away and about 1 km [rom Negit. Since its
formation, Negit has been separated from the
mainland by 0 to >3 km (Mono Basin Ecosys-
tem §tud\' Committee 1957: Figs. 1.3 and 6.1).
However, no mainland conmection with N veait
existed since the formation of Paoha mtil e
late 1970s: the next most recent land hridge
apparently occurred about 300 vears before
present. During onr study in 1990 91, Negit
was separated Trom the mainland by several

hundred meters of mudflats and a few meters of

r: this areais referred to herein as
the Tand bridge.

shallow wate

We kno\\’()f()n]'\' two previons small maminal
trapping efforts on the islands. Tn 1975 \W. M.

Hoffmann Gmpublished report’ captured no
small mammals on Paoha in one night of effort.
J. . Harris (person: d commnnication) cap-
tired deer mice (Pevomuyseus maniculatus) on
Negit during several davs of trappingin the carly
1950s. One of us IR has made re peated visits
annnally to the iskimds since 1950, making visnal
observations.  but not  tr: apping. Al other
aceounts ol the islands” mannmal fomaare from
recollections of carly settlers and local residents
(e.g.. Fletcher 1957, personal comnnmication
with JRJ).

STUDY AREAS

Paoha Esland can be divided into two general
vegetative zones: asmall cabout 2 ha spring-fed
marsh along the sontheastern shore. and the
remaining mmnmn]l vegetation. Vevetation in
the warsh is ¢ omposed ol msh (Juncus effusus).
bullimsh (Scirpus americanus). saltgrass «Dis-
tichlis spicata) foxtail Hovdewn jubatuny). and
bassia l])([‘\,\l(l liyssopifolia). Nonmarsh arcas
are dominated n greasewood (Sarcobatus ver
miculatus) and ln)l)\ wwe \Grayia spitiosa): sage-
brush (\rtcmisia tridentata ) is present but rare.
Grasses and herbaccous plants are scarce and
concentrated in the marsh and one small abont
0.3 hev grassland site located npslope about 300 m
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from the marsh. The grassland area is domi-
nated by exotie cheatgrass (Browus tectoruw).
Negit Esland Jacks wny marsh vegetation and has
no permanent freshwater. The upland is similar
to Paoha except for more cover by sagebrush.
Dominant vegetation on the mainland p]()ts 1S
sagebrush, rabbitbrash (C heysothanmus nause-
osus). bitterbrush (Prurshia tridentata), and scat-
tered  individuals  of  greasewood,
mahogany (Cercocarpus ledifolius), and desert
peach (Prunus audersonii). Vegetation in the
basin was detailed by Burch et (1] (1977). Soils
are a loose mixtire of sand, gravel, ash, and silt
Loeftler 1977).

In 1990 trap lines were established to deter-
nine species composition and approximate dis-
tributions of small mammals on Paoha and
Negit. Specitic trap locations were based on
ease of boat landing and proximity to the next
nearest trapping location: adjacent trap lines
were at least 200 apart.

In 1991 we systematically established 10
fixed studv plots (30 x 20 m) on Pacha Island
and 5 on the adjacent mainland to compare
mammals on the iskimd and mainlnd; island
plots were placed i in the marsh (3 plots) and drv
shrub vegetation (7 plots). All mainland pl()ts
were located to the nmﬂl and northeast of Black
Point on the northwest shore of Mono Lake.
This location was selected because its vegeta-
tion resembles the dominant vegetation on
Paocha Island and represents a likely source for
terrestrial amimals. o

METHODS

Small Mammal Live-Trapping

All traps nsed during this study were large
(76 X 89 X 229 ¢ [3 X 35 X 9 m(l]]
Sherman Ii\'()—tl'a])s. In 1990 trapping was done
on Paolia Island on 27-29 April and 23-25
Angust, Negit Island on 27-29 \]ml, and the
mainland on 47 Se pte ‘mber. lmp splcmtrs
ranged from 10 to 20 m and were based on
availability of vegetative cover. Traps were
baited with rolled oats and peanut butter and
checked each moming for 1-3 davs depending
upon weather conditions and thus access to the

islands.  Maimland trapping in 1990 was
restricted to a marsh on the northern shore of
the lake. Captures were identified to species,

sex, and age and were measured, marked, and
released at the trap location. Measurements
between sexes and between island and main-
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land pnpulutions of deer mice were compared
using ¢ tests (Zar 1954:126-131).

In 1991 within cach plot on Paoha described
above, 18 large Sherman live-traps were placed
at 10-m spacings (1 row of 6 traps along each
long axis of a plot). Each plot was trappe d for a
tntal of 54 trap-nights and days (i.e.. traps were
left open (onst(mt]\ for ’3(1(1\\ and checked both
during the morning and in late afternoon). Traps
were haited and animals handled as in 1990.
Mainland and Paoha traps were rim 7 May—24
June. Trap lines were run on Negit 4-5 August,
as described for 1990, Data are reported here as
the number of new individnals Gle.. excluding
recuptures) cuptured per 100 tmp-nights: we
assime that this measure of capture success is
an adequate index of actual population abun-
dance. Indices of abundance were compared
using chi-square goodness of fit (Zar 1954:40—43).

Other Surveys

During 1991, one (I-gal) can was
placed near the center of each trapping plot.
Cans were placed on all mainland plots and on
six Paohia Island plots. Each was covered with a
wooden board raised 2-3 ¢m above the can.
Traps were run 4-17 days. Three additional
traps were placed in the marsh on the sontheast
side of Paoha Island, this bcm(' the most 11]«*]\'
location for shrews (Soric idae). Thus, six tm[)\
were placed in the marsh. Al iainland pitfalls
were opened 9-12 June: island traps were
opened 7 Mav—4 Jime.

A T-m® area in an open location near the
center of each plot was selected to determine
the presence of medium- to larger-sized mam-
mals traveling across the plot. The soil ina track
plot was smoothed by hand and moistened with
water; fine-grained sand or soil was added as
needed. A can of chicken-flavored cat food was
secured at the center of each track plot. Each
plot was checked dailv for three davs for evi-
dence of wildlife use. One-half of the stn(l\ plots
on Paoha and three mainland study plnts were
nsed.

Time-constraint swrveys of one-person-honr
duration cach were condueted in all study plots.
The species, date. time. location, and general
vegetation type for each observation were
recorded.

+.2-1L,

Museum Records

We obtained records for all vertebrates col-
lected in Mono Basin from the Los Angeles
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TaiE L. Index of abundance (mo/100 trap-nights) for small inammals captured on study plots on 1% m]m Island in = 10

plots) and adjacent mainland (1

-5 plotsi and on Negit Island tirap lines - Mono Basin. € Salifornia. 1991 °

Paoha Island trap-nights)

Total Total Total Negit Totul

Species marsh nomnarsh island Island mainland
(108) (32.H) 1432 120 342
Peromyscus maniculatus 17.6 13.0 14.1 62.5 6.4
Male S.3 9.0 S5 32.5 11
Female 9.3 4.0 553 30,0 253
Microtus montanies 516 0.9 2 0.3
Perognathus parvus 6.7
Dipmlnmy.s' panamintinus 583
D. microps 18
Peromyscus hoylii 0.3
Eutamius minimus 0.3
Spermophilus beecheyi 0.3
Total 23.2 13.9 16.2 62.5 21.3

“Chi-square analvsis: all comparisons between total marsh and total nonmarsh on Paoha P

Paoha and total mainland £ > 03; and between total mamland and Negit P < 01

County  Musemm of Natural — [history
(LACMNH) and the Muscum of Vertebrate
Zoology, University of California, Berkeley
(MY 7). Although no records were available for
the islands. data from the basin were summa-
rized to supplement published accounts of
mainland vertebrate surveys. Voucher speci-
mens were deposited at the NVZ.

RESULTS

Small Manmmal Trapping

Onlv  deer mice  and  montane  voles
(Microtus montanis) were cuptm'od on Paoha
tsland. Most voles were captured in the marsh;
deer mice were also slightly more abundant
there than in dry shrub plots but these difter-
ences were not significant (P > .1). The sex ratio
of deer mice was skewed toward males in the
dny shrub, but was about even in the marsh
(Table 1).

Only deer mice were captured on Negit
Island. Mouse abundance was about 4.3 times
higher on Negit than on Paoha (7 < .03). and
sex ratios were about even (Table 1),

Eight species of small mammals were cap-
tured on the mainland plots in 1991, Great
Basin 1)0(‘kc’t mice (P:’mgn(l[/ms pm‘l‘us), deer
mice, and Panamint kangaroo rats (Dipodonys
panamintinus) had similar relative abnndances
and were the only species with abnndances =5
individuals/100 tmp nights).  Except for the
Great Basin kangaroo rat (Dipodomys mim‘opﬂ
all species were captured rarely (all at 0.3 ani-
mals/100 trap-nights). Ov erall abundance of

035: between Paoha total ishind and Neat Island P < 001, bet

small mammals on Paoha was sinilar to that on
the mainland. but on Negit it was almost three
times greater than that on Paoha (P < .001) or
the mainland (P < .01; Table 1).

Abundance of deer mice approximately dou-
bled (P < .01) on Paoha between April (early
breeding) and Angust (end of hreeding) 1990.
Subadult males accounted for 67% of this
increase (Table 2), while subadult females
accounted for onlv 6%. Total male and female
abundance was about equal in April: the
mmber of males caught inereased by 63% and
females onhy by 35% in Augnst. dlt]u)n(rll the
difference was not swmh(.mt P> 1.

Male and female abundances of deer mice
were similar on Negit in April 1990: no conipa-
rable Angnst data were available. Total abin-
dance on Negit in April was 45% higher (7 <
.03) than that on Paoha (Table 2)

Adult male deer mice from Paoha weighed
siemificant]y less and had significanth shorter
tuls feet, and tail:bodyv-le ll‘f(ll ratios than main-
land animals: body and car lengths were not
different (Table 3). Adult females from Paoha
were significantly less heavy than mainland ani-
mals and had smaller but not significantly dif-
ferent  average  measurements  for other
characters. Comparisons with Negit mice were
not possible because an insnfficient number of
animals were measured.

Other Surveys

IsLANDS — The six pitfalls in the Paoha
marsh were run for 13 davs (75 trap-days) and
captured 7.7 voles/100 p]t fall-davs: the three
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Tt 2. Abundance nou 100 trap-nights) of Pevonyscus
maniculatns on Paoha and Negit iskuids, Mono Lake, Cali-
tornia. 1990

Paolra Istand Negit Island

Aprit Augnst April

Trap-nights 2490 160 4
\ale

\dult 7.6 5.5 13.5

Subadult 1.0 15.0°° 0.0

_'u\q'nih- 0.7 1.3 0.0

Total 9.3 25.0°° [E3%5
IFemade

Adnlt 53 5.1 10.5

Subadult 3.5 5.0 L1

Juvenile 0.0 19 0.0

Total 9.7 15.0 14.9
Overall 19.0 H40.0°° 36.5°°
Chysquare analisis =P 03 <P 001 Paoha Aprlvs Angust and Paoba

Aprilvs Negit \pnl

pitfalls in the drv shimb were ran for 17 days (31
pittall-clays): no animals were captured. Track
plots were run for 3 days on Paoha, resnlting in

a total effort of 15 track- plot-dlavs. One set of

covote (Canis latrans) tracks was foond on aplot
in the marsh, and one set of identified rodent
tracks (likelv deer mouse) was fonnd on a drv
shrub plot. C oyote tracks and scat were seen
thronghont both islands: thev were especially
evident on the sontheast end of Pacla. inclnd-
ing the marsh. Black-tailed jackrabbits (Lepus
californicus) were nncommon hut were seen
occasionallv:on hoth islands.  Cottontails
(Sylvilagis spp.) were seen rarely on Negit but
were not evident on Paoha. Rabbit pellets were
conspicuons on the islinds, indicating that the
popnlations had heen greater at a previous time.
No herps were observed on either island during
any surveys or inany vearly island visit by JR]
since 1950, Scattered individuals of s e Dbrush
lizard (Secloporus gracious) were seen while
walking onand near the mainland study: plots.
ANAINEAND —The five pitfalls were run for
Fdavs (20 pitfall-days). Four sagelmsh lizards
captored 20 lizards/100 pitfall-days).
Track plotswere rim fora total of Sdavson three
study plotswith one set of black- taile «jackrab-
bit. two sets of kangaroo rat tspecies imknown),
and one set of midentified small rodent tracks

were

observed. Thus. there were four separate ani-
mals i1 9 track plot-days. Covole tracks were
seen on the plots and covotes were heard calling
adjacent to plul\ Ninnerons rabbit and ]\dl]”‘d-
roo rat trachs were present on all plots: cotton-
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tails were also seen adjacent to the plots on
several occasions.

DISCUSSION

Only two species of simall mammal (deer
monse and montane vole) were trapped on
Paohia, and one species (deer monse) on Negit,
compdl(d with cight species—including deer
mice and montane voles—on  the d(l]d((‘l)t
mainland. Visual and track survevs found the
jackrabbit, cottontuil, and um)te on Negit
]sland and the mainland: all it the (()tt(mtnl
were evident on Paoha. In contrast, at least 20
species of st mawmmals have heen observed
aronnd the shores of Mono Lake (Flarris 1952,
1954). In addition, weasels (Mustela spp.),
badger (Taxidea taxus), bobeat (Lynx rufus),
momntain lion (Felis concolor), black h(nlr
(Ursus americanus), and nmle deer (Odocoileus
liemionns) occur arommd Mono Lake (Harris
1982). Furthermore, lion remains have been
reported from an islet near Negit and from the
vicinitv ol the Negit-mainl: m(] land bridge
(Mono Lake Committee, upnblished observa-
tion). The presence of montane voles on Paoha
was associated with the marsh and grass vegeta-
tion that is absent on Negit. The current lake
level has allowed the Paoha warsh to expand
onto an exposed lake shell, thus increasing
potential vole habitat. The environment may be
unsnitable on the islands for persistence of the
larger camivores and deer but appears snitable
on Paoha (because of water and rodents) for
weasels and possibly badgers.

Animals can colonize islands by swimming,
rafting, using ice bridges. being inadvertent pas-
sengers on watereraft (Calhoun and Greenbanm
1991), intentional or unintentional releases. or
by flving: all but [lving may apph to the animals
disenssed herein. I‘he ack of historic, quantita-
tive data, however, prevents determination of
the method(s) and date(s) of arrival of animals
on the Mono Lake islands. However, Holfman
ampublished report) set 76 Sherman traps for
one m(rht (24 May Vin 1974 in various locations,
mclu(lm(f in and aronnd the same marsh and
arassland areas we trapped. He canght no ani-
mals bt did locate a rodent faex. Althongh
Hoffman’s efforts were minimal. his data at least
indicate the presence ol rodents prior to 197+,

Althongl the carliest historic accomnts of
local Native Americans date to the carly 1560s
(Jehl et al. 1984 195S), various peoples are
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during 1990 and 1991.

Adult male!
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. Characteristics of wdult Peromyscus maviculatus captired on Paolia Iskind. Mono Lake and adyacent nianland

Adult female”

Paoha Mainland Paoha Mainkuod
Characteristic AN SD \ SD \ S \ S
Mass (g 17.2 211 15,5 1.29°° 15.1 2.29 19.9 2.50
Body length (o S14 5.13 S1d 257 T9.1 6.50 SILI 3.5
Tail |t'n_(_(l|l () 645 1.32 67.1 5.3 66,4 (.55 69.1 6.31
Foot (i) 20.0 1.07 2009 0.95° 20.0 0.91 20.6 1.0S
Ear inm) 17.4 1.08 17.4 1.45 174 1.04 17.9 1:3%
Tail/body 0.79 0.06 0.52 0.07° 0.51 007 0.55 0.07

:S.nnp]v size
Sumiple size =
“Facludes pregnant fenmles Paolia n
P03 °°FP < O] £test

50 imdividnals caclarean exeept fornass
15 mdividuals each arca exeept for niass
12 mamland e 13

thought to have visited the basin for a nch
longer  period  (Fle steher 198T). Western
mnnwumts hegan making trips to the islands by
the 1560s (Jehl etal. 1954, 195S . Fletcher 1957).
A chicken (Gallus gallns) and domestic lago-
morph ranch was established on Paoha in the
late 1570s. a domestic gout (Capra sp.) ranch
was initiated in the 1 S‘)()s (Fletcher 19970 and
a mineral salts and health spa ventire was
att('mptv(l in the 1940s. [,nl'()mm])lm raised
(()n]ll‘l(‘l(ld“\ were apparently European hares

Lepus sp.), but there is no evidence that these
luu(*s remained on Paoha alter the carly 19205
when the commercial operation ceased. A few
goats survived on Paoha wmtil at least 1975
(Hoftiman impublished report: bt were extir-
pated by 19S0.

Thus, human movements onto the islands
were frequent. and rodents, such as deer mice
and voles, conld have heen inadvertenthy trans-
ported in the grain. hay. and other items taken
to snpport activities on the iskuds. We do not
know il native fagomorphs were tranported to
the islands by Innnans.

There is debate in the literature over the
abilities of Peromysens. Microtus, and other
small mammals to colonize islands by swimming
or rafting becanse they are not well (l(l‘lptv(l for
exposure Lo water (Redlield 1976, Callonm and
Greenbanm 1991, Peltonen and Hanski 1991
We have no direet way of quantifving the rela-
tive probabilities of inadvertent iman trans-
port versus rafting. However. the known and
frequent history of Innman visitation and habita-
tion for commmercial purposes during this cen-
tury resnlts in a higher frequency of occnrrence
and less harsh means of possible transport than

does rafting duce to Hooding events. Confound-
ing the present situation is the land bridge or
near land bridge. Movement across the land
hridge to Negit. followed Dy swimming or valt-
ing to Paoha is likelv more probable now than
historically.

The absence of Hizards on the islands is per-
plexing. however, as there appears to be ample
habitat on the islands. and species on the main-
land are potentially good colonizers (sensie Case
1975, 1953). However, mainland 1)()])11] wions
are small, as the elevation ol the Mono Basin is
at the npper end ol the normal range Tor veptiles
in the Sierra Nevada csimmmarized Trom Storer
and Usinger 1965). Therefore, their cliance of
arrival and persistence is low.

Snakes  Pitnophis  mclenoleacus and
Thammophis clegans) and amphibians  Bufo
horeas. Hyla regilla. Scaphiopns kammondii. S
intermontanns) are found around Mono Lake

NV7Z specimens. personal obsenvation but
they are scarce locally tpersonal observation).
There are no historic records of snakes or
amphibians on cither island. and we saw no
evidence of cither duringonr visits. As discenssed
above for lizards. it appears that the chance of
arrival and persistence ol snakes and amphibi-
ans is low:

The Mono Lake isluds l);ll'zl”t-l otherislands
in having a areater popilation abnndance tespe-
ciallv Negit' and a .siml)l(' species composition
relative to the mainland. Larger relative abim-
dances may he becanse [ew predators are pres-
ent and the lack of nonavian lood competitors.
as has been postulated Tor other iskind rodent
populations ¢, Halpin and Sollivan 1975
The few rodent species. absence of izards. and



reduced bird-species richness (Hall et al.. in
preparation) on the iskmds may result in density
compensation (sensu MacArthar et al. 1 ]1_,
Case 1975 by the islands™ Peromyscus popula-
tions.

In contrast to island biogeographic theory
Redficld 1976, Sullivan 1977), deer mice are
staller on the islands than on the mainkmd.
Although a founder effect (sensic Kilpatrick
19S1. Calhoun and Greenbaum 1991) could
have resulted i smaller individuals on the
islands than on the mainland. there is likely
some combination of ecological factors on the
Mono Lake islands that has either resulted in
maintenance of small body size or has directed
selection toward smaller body size. In onr study
the sex ratio of deer mice appears to be male
biased, although more intensive trapping, both
within and between vears, wonld be necessary
for confirmation because of potential trapping
biases associated with dispersing voung males.
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